Introduction

2
Sister-chromatid cohesion (SCC) ensures that chromosomes are correctly segregated in 3 mitotic and meiotic cells [1] . SCC is established during DNA replication by cohesin complexes.
4
These multi-subunit protein complexes form ring-like structures that hold the newly replicated 5 sister-chromatids together from S-phase until anaphase.
6
During meiosis, cohesion along chromosome arms is lost prior to anaphase I to allow 7 the segregation of homologous chromosomes (homologs), whereas centromeric cohesion is 8 released prior to anaphase II to allow segregation of sister-chromatids. In vertebrates, the 9 mitotic cohesin complex is composed of four core components: two structural maintenance of 10 chromosomes (SMC) proteins, SMC1α and SMC3, the α-kleisin RAD21 and one of two 
14
M e i o t i c c o h e s i n c o m p l e x e s c o n t r i b u t e t o t h e a s s e m b l y o f t h e s y naptonemal complex
15
(SC), a meiosis-specific structure that facilitates crossover recombination by tethering two 
21
AEs assemble along the axis of sister chromatids at the leptotene stage of meiosis I
22
[20], possibly as two separate parallel structures that are tightly associated [21] . Synapsis 
26
(for review see [22] ). suggesting an active role of REC8 in directing SC formation to take place between homologs,
S M C 1 β i s f i r s t d e t e c t e d o n s i s t e r c h r o m a t i d s a t t h e l e p t o t e n e stage of meiosis I, and
10
and thus the existence of a cohesin-based regulatory mechanism for SC assembly and 
15
RAD21 is detected at chromosomes at the pachytene stage of and remains bound to (Fig 1C, graph) . Despite the occurrence of LSAE close to the centromeres, these were 4 not separated, as shown by the close association of the two ACA foci (Fig 1C) .
5
Given the presence of univalents in Smc1β -/-spermatocytes [23,24], we next 6 investigated the occurrence of LSAEs in this mutant background (Fig 1D) . 16% of all univalent 7 axes (65/404 axes, from 10 nuclei) displayed sites of LSAE, whereas extensive separation of
8
AEs was never observed (Fig 1D, graph) 
12
We note that the C-terminal region of SYCP1 is located within the AEs, explaining the 13 appearance of two small peaks within the SYCP3 signal for this protein (Fig 2C, (Fig 4B, scheme) . We found the AEs to be separated by a median distance of 21 100 nm, a significantly narrower inter-axis distance than observed at sites of LSAEs in the
22
Stag3 mutant (Fig 4B, graph) . In order to identify regions along X-chromosomes at which SC
23
formation is observed, wild-type pachytene spermatocytes were immunostained with
24
antibodies against SYCP3 and SYCE2. SYCE2 was detected abundantly at the PAR but only
25
sporadically between sister-AEs of the X-chromosomes (Fig 4C) . Importantly, while short
26
regions of AE separation were observed along the X-chromosomes, SYCE2 was absent from 27 these regions ( Fig 4C, empty arrowhead) .
28
To analyse the distribution of REC8 along sister-AEs of X-chromosomes, individual
29
X-chromosomes were computationally straightened and divided into 25 regular intervals. We detected an average of 16 REC8 foci per X-chromosome (n=225, for 14 X-chromosomes 1 analysed) ( Fig 5A) . The distribution of REC8 foci between the 25 intervals did not deviate 2 substantially from the average that reflects an evenly spread foci distribution (dotted line), with 3 the exceptions of the PAR and the terminal region of the X-chromosomes (corresponding to 4 the centromeric domain), at which a higher density of REC8 was observed ( Fig 5B) . Thus,
5
REC8 foci appear randomly distributed along AEs, excluding the terminal regions. We also 6 analysed the frequency distribution of inter-REC8 distances along the sister-AEs of X-7 chromosomes. We found the majority of REC8 foci (95%) to be separated by a relative short 
9
The typical small distances between adjacent REC8 foci could result from an active 
26
Secondly, the observed median distance between REC8 foci along the sister-AEs of 27 X-chromosomes was plotted against computationally generated predictions for even 
7
The high density of REC8 foci along wild-type X-chromosomes ( Fig 5) and the 8 correlation between the occurrence of LSAEs and REC8 deficiency (Fig 1 and 3 ) implies that 9 relative large distances between REC8 foci may lead to the occurrence of LSAEs. We tested 10 this prediction by measuring the distance between flanking REC8 foci at sites of LSAEs in
11
Stag3 mutant spermatocytes. Indeed, we found in this mutant background, a median distance
12
of 28% of the chromosome axis length between flanking REC8 foci, significantly larger than
13
that observed for the wild-type X-chromosomes ( Fig 5F) . 14 Images were processed with an integrated ELYRA S system software (Zen 2011 SP2 Black).
I n a g r e e m e n t w i t h o u r h y p o t h e s i s , i l l e g i t i m a t e S C f o r m a t i o n d o es not take place in
15
To confirm SIM generated images super-resolution STED imaging was also applied.
16
STED imaging was performed on a Leica SP5 TiSa STED system equipped with pulsed diode 
T h e s t r e n g t h o f t h e p u t a t i v e R E C 8 f o c i i n t e r f e r e n c e w a s m e a s u r ed by fitting the
T h e g e n e r a t i o n o f r a n d o m a n d e v e n f o c i d i s t r i b u t i o n s a l o n g t h e chromosomal axes
4
Mammalian STAG3 is a cohesin specific to sister chromatid arms in meiosis I. Nat. Cell Biol. 
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Schematic representation on magnified univalents represents sites of LSAEs. Bellow: graph
28
showing the percentages of axes with: LSAEs (red area), extensive separation of AEs (dark grey area) and closely associated AEs (light grey area). 404 axes analysed, from 10 nuclei. 
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A) Analysis of REC8 distribution in representative pachytene wild-type sex chromosomes.
28
Nuclear spreads of pachytene spermatocytes were immunostained for SYCP3 and REC8. 
